Abstract. The analytical solution of stress fields for an elastic elliptical inhomogeneity which includes a confocal rigid elliptical core and a screw dislocation under longitudinal shear is obtained explicitly in the series form by using the complex variable method. The influence of the rigid core on the interaction between screw dislocation and inhomogeneity is discussed. The image force acting on the screw dislocation is obtained. The results show that the rigid core in the inhomogeneity has strong influence on the interaction between screw dislocation and inhomogeneity. It can strengthen the repulsion to the dislocation when the inhomogeneity is hard, and weaken the attraction to the dislocation when the inhomogeneity is soft, whether the dislocation is in the inhomogeneity or in the matrix.
Introduction
For studying the strengthening and hardening mechanism of many materials, the interaction between dislocations and in homogeneities has important effect, so it has received much attention during the last few decades. The first research for the interaction of dislocations and boundaries was carried by Head [1] . Dundurs [2, 3] discovered that when the elastic properties of the inhomogeneity and the matrix meet certain conditions, there is a stable equilibrium position for the dislocation inside the matrix. In literature [4] [5] [6] , the interaction between a screw dislocation and an elliptical inhomogeneity was studied. And later more research results about the interaction of dislocations and inhomogeneities have been obtained (see, for example, Refs. [7] [8] [9] [10] [11] [12] [13] [14] and references therein). Zhang and Qian [15, 16] analyzed the interaction between the screw dislocation or the edge dislocation and the thin-filmcovered mode III crack. Fang and Liu [17, 18] studied electroelastic interaction between a piezoelectric screw dislocation and an elliptical inclusion with interfacial cracks, and derived the effect of piezoelectric constant to the dislocation. Shielding effect and emission condition of a screw dislocation near a blunt crack in elliptical inhomogeneity have been studied by Liu and Song [19] . In addition, linear hard inclusion is formed on the interface due to chemical segregation, aging and corrosion. There are also many research results about rigid inclusion (often called as inverse crack). The interaction between a piezoelectric screw dislocation and an elliptical inhomogeneity in piezoelectric composite material which contains confocal rigid line was discussed by Jiang [20] . Fang and Liu [21] have studied the electroelastic interaction between a piezoelectric screw dislocation and collinear interfacial rigid lines. The interaction between a piezoelectric screw dislocation and an interphase layer in piezoelectric solids has been researched by Fang [22] . However, interaction between a screw dislocation and a confocal elliptical rigid core in an elastic elliptical inhomogeneity has been seldom reported because of the mathematical complexities.
In the present paper, we use the complex variable method of singularity principal analysis, conformal mapping, analytic continuation and Cauchy singular integral to study the interaction between a screw dislocation and a confocal rigid elliptical core in an elastic elliptical inhomogeneity under longitudinal shear.
Problem Descriptions
As shown in Fig.1 , consider an infinite matrix containing an elliptical cylindrical inhomogeneity with a confocal elliptical rigid core which is infinitely long in the zdirection and free of force. A screw dislocation with Burgers' vector z b is assumed to be located at an arbitrary point 0 z either in the inhomogeneity or in the matrix. Referring to a complex z-plane, the materials with the shear modulus 2  and 1  occupy the open region S  and the elliptical region S  , respectively. The two materials are assumed to be perfectly bonded along the interface.
For the present problem, anti-plane displacement ( 1 
where 1 i  and '-' represents the complex conjugate.
Problem Formulations
Referring to the work of literature [23] , the mapping function is shown as follow
where 
Dislocation inside the Matrix
If a screw dislocation is located at an arbitrary point inside the matrix, the complex potential 2 () fz in the region S  occupied by the matrix can be chosen as
where
The complex potential 1 () fz is holomorphic in the inhomogeneity. Transforming it into  -plane, 1 () f  can be expanded into a Laurent series in the annular region
For the convenience of analysis, the following new analytic functions are introduced in the corresponding regions according to the Schwarz symmetry principle.
Combining with (7) and (8) arrives at 11 1 00
where 00 
is holomorphic. The hypothesis of a perfect bonding between dissimilar materials implies continuity conditions of stresses and displacements. The stress continuity can be integrated to generalized resultant force continuity conditions. Formally, the boundary conditions at the interface between region S  and S  can be expressed as
Substituting (1)- (3) into (11) yields
By using the Cauchy integrals, the generalized analytical function vectors can be obtained as follows 21 1  2 2  2 2  0  1  2  1  2   2  2  2  2 2  2 2  1  1  1  1  1  2  2  0  1  2 
Letting 1 r  , 1 0 b  , the solutions of the interaction between a screw dislocation and an elastic elliptical inhomogeneity which contains a confocal rigid line can be calculated as
The stress intensity factor at the right tip of the right line can be written as (1 ) 1
If 12   , 0  , the interaction between a screw dislocation and a finite-length elliptical rigid core in homogeneous medium can be calculated as 
The image force on the dislocation as 0 0
Dislocation inside Inhomogeneity
If a screw dislocation is located at an arbitrary point 0 z inside the inhomogeneity, the complex potential in the inhomogeneity and matrix can be chosen as 1  2  2  0  2  0   3  1  2  1  2  2  2  2  2  2  1  2  1  2  1  2  1  2   1  1  2  1  1  2  0  0  1  2  1  2 2  2 2  0  1  0 0  1  2  1  2 12
Numerical Analysis
The equilibrium position of the dislocation is very important for studying the interaction effects of dislocation and inhomogeneity. If the dislocation lies on x  axis, and 0  , the image force can be normalized as
. We define the relative shear modulus there is an unstable equilibrium position of the dislocation where the image force equals to zero. The absolute value of 0 F may be increased acutely from zero as the dislocation approaches the interface of the inclusion. When the dislocation is in the inhomogeneity, the variation of 0 F with respect to 0 xa is depicted in Fig.4 F is always positive. The dislocation is rejected by the rigid core and attracted by the matrix, therefore it move to the matrix interface gradually. As 1 u  , 0 F is positive first and then becomes negative with the dislocation near the matrix, so there is a stable equilibrium position in x  axis, and the image force equals to zero at this point. The interfacial stresses generated by a remote uniform load at the interface 1 L can be defined as
The interfacial 
Conclusions
Using the technique of conformal mapping and the method of analytic continuation, the interaction between a screw dislocation, which is located inside either the inhomogeneity or the matrix, and an elastic elliptical inhomogeneity which contains a confocal elliptical rigid core is dealt with. Explicit series solutions of complex potentials of matrix and inhomogeneity and the image force acting on the screw dislocation are derived. The main conclusions are:
The rigid core inside the inhomogeneity has strong influence upon the interaction between the screw dislocation and the inhomogeneity. It can enhance the repulsive force on the dislocation produced by the stiff inhomogeneity, reduce the attractive force produced by the soft inhomogeneity. For the soft inhomogeneity, there is an unstable equilibrium position when the dislocation is inside the matrix and there is a stable equilibrium position when the dislocation is inside the inhomogeneity. The interfacial stresses for the interface between matrix and inhomogeneity increase with the increase of the relative shear modulus.
